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Learning outcomes 

• The students could be able to solved problems related to the fundamentals in 
thermodynamics and its basic principles and concepts. It includes the topics such as 
unit conversions, the three Newton's Law of motion, the pressure and temperature. 

Learning guide 

• Read and understand every topic of this module. It is important to understand the 
principles behind of each topic of this module since it is be useful for the next topic 
for this course. 

• Perform and review each sample problem of this module. To further understand the 
content, go to the suggested reading for the links of references and videos for 
specific topic. 

• This module is good for one week time only so manage your time properly. 

• Perform the pre-assessment test below and follow the instruction accordingly. 

• At the end part of the module, perform the post-assessment with proper solution 
and knowledgeable way as your learning outcomes. Take note that your rating of 
this post-assessment testis recorded. 

• As the summary of your learning you will be task one presentation using Microsoft 
PowerPoint containing all the topic discuss in this module. You can go to the task 
summary or culminating activity at the last part of this module for the complete 
details. 
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Pressure is a measure of the linear Pressure force acts perpendicular 
momentum of the gas molecules. to enclosing surfaces. 


Pressure is a scalar quantity, 
(magnitude, no direction) 
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Pre-assessment test 


Solve the following problems with proper and clean solutions. Put always a box that 
indicate of final answer(s). 

1. If the distance between two Towns are 5,842 feet what is the distance in fa] kilometre 
fb] Nautical Miles. 

Solution: 


2. What is the value in kilowatts KW of a motor having power rated about 1.5hp? 
Solution: 


3. Using the temperature conversion equation, what is the value in Kelvin of 65 degree 
Fahrenheit? 

Solution: 
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4. What is the temperature in degree Celsius of a temperature 460 degree Rankine? 


Solution: 


5. What is the pressure in Kpa if the barometers reads 1.02 kg/cm 2 ? 
Solution: 


6. What is the height of the mountain if the atmospheric pressure is 101.325kPa and the 
air density in that elevation is 1.2kg/m 3 ? 

Solution: 


7. Prove that the unit 1 Pascal is equal to 1 Newton per square meter. 
Solution: 
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8. How many Tons are there in 250 pounds? 


Solution: 


9. If the weight of a block on Mars is ION with the gravity of approximately 3.711 m/s 2 
what is the mass and the weight of block on the earth? 

Solution: 


10. What is the approximate power produce by air with the air density of 1.2 kg/m 3 and 
diameter of propeller is about 1 meter. Note the average wind speed is 25m/s! 

Solution: 
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Conversions of unit 


Linear 

STATUTE MILE = 5280 feet 
STATUTE MILE = 1760 yards 
1 NAUTICAL MILE = 6080 feet 
1 LEAGUE = 3 nautical mile 
1 LEAGUE = 18240 feet 
1 YARD = 3 feet 
1 YARD = 0.9144 m 
1 METER = 100 cm 
1 METER =1000 mm 
1 METER = 3.281 feet 
1 METER = 1.093 yard 
1 FOOT = 12 inches 
1 INCH = 2.54 cm 
1 INCH =25.4 mm 
1 rod = 5.5 yards 
1 rod =16.5 feet 
1 MIL = 0.001mm 

Area 

1 HECTARE = 10,000 sq. m 
1 HECTARE = 11,960 sq. yards 
1 ACRE = 43,560 sq. yards 
1 ACRE = 4048.6 aq. m 
1 ACRE = 0.4047 hectare 
1 SQUARE METER = 10.76 sq. feet 
1 SQUARE METER = 1.195 sq. yards 

Volume 

1 QUART = 2 pints 

1 US GALLON = 231 cu. Inches 

1 US GALLON = 3.7854 liters 

1 US GALLON = 4 quarts 

1 BRITISH GALLON = 277.42 cu. Inches 

1CU METER = 1000 liters 

1 CU METER = 35.31cu. feet 

1 CU METER = 264.2 US gallon 

1 cu feet = 7.48 US gallon 

1 cu feet = 28032 liters 

1 cu feet = 1728 cu. Inch 
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1 ganta = 3 liters 
1 ganta =8 chupas 
1 CAVAN = 25 gantas 

Angle 

80 DEGREES = it radians 
360 DEGREES = 2 ti radians 
360 DEGREES = 400 gradians 
360 DEGREES = 6400 mils 
360 DEGREES = 1 rev 
1 DEGREES = 60 minutes 
1 MIN = 60 seconds 

Mass and weight 

1 TON = 2000 pounds (lbs) 

1 LONG TON = 2240 lbs 
1 METRIC TON = 1000 kg 
1 METRIC TON = 2200 tons 
1 POUNDS = 16 ounces 
1 KIP = 1000 lbs 
1 KG = 2.205 lbs 
1 NEWTON = 0.1019 kg 
1 NEWTON = 0.0459 lb 
1 POUND = 0.453592 kg 
1 POUND = 0.138255 N 

Work and energy 

1 BTU = 778 ft-lb 
1 BTU = 252 cal 
1 BTU = 0.252 kcal 
1 BTU = 1.055 KJ 
1 KCAL = 4.187 Kilo Joule 
1 CAL = 4.187 Joule 
1 ERG = 1 dyne -cm 
1 ERG = 10 ~ 7 Joule 
1 JOULE = lN-m 
1 KJ = 1000 Joule 

Power 

1 HORSE POWER = 550 ft-lb/sec 
1 HORSE POWER=33,000 ft.lb/min 
1 HORSE POWER = 2545 btu/min 
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1 HORSE POWER = 42.4btu/min 
1 HORSE POWER = 0.746 kW 
1 HORSE POWER = 746 watts 
1 KW = 3413 Btu/hr 
1 KW = kj/sec 
1 WATTS = J/sec 
1 BOILER HP = 33,475 Btu/hr 
1 BOILER HP = 35,314 KJ/ hr 


Temperature 

°C = -(°F - 32) 
°F = -°C + 32 

5 

°K = °C + 273 
°R = °F + 460 

A°C = ^(A°F) 

9 

°F = — (A°C) 
A°C = A°K 


A°F = A°R 


Pressure 


1 ATM = 101.325 kPa 
1 ATM = 14.7 psi 
1 ATM = 760 mm hg 
1 ATM = 29.92 in hg 
1 ATM = 1.033 KG/cm 2 
1 BAR = 100 kPa 
1 Pa=l N/mm 2 
1 kPa = 1 KN/m 2 
1 kPa = 1000 Pa 


Fluids 

1 POISE = 1 Dyne-sec/cm 2 
1 POISE = 0.1 Pa-s 
1 STROKE = 1 cm 2 /sec 
1 STROKE = 0.001m 2 /sec 
1 lb-sec/ft 2 = 478.7 poises 
1 ft 2 /sec = 929 cm 2 /s 
1 ft 3 /s = 448.8 gal/min (gpm) 
lm 3 /sec = 1000 lit/sec 
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lm 3 /sec = 35.31 ft 3 /sec 


Properties of air 

Btu kcal kj 

C n = 0.24--- = 0.24--— = 1.0- 


J p 


lb — °F 


kg - °C kg - °C 


Btu kcal kj 

C v = 0.171--= 0.171:-r — 0.716; 

v lb — F 

ft-lb 

R = 53.3--— = 0.287 


kg-°C 
kj 


lb — °R 


kg — °K 


k = 1.4 


kg — °C 


Properties of water 


kj 


Btu 
lb — °F 


c - = 4 - 187 k^c = 1 '° 

L = latent heat of fussion 

kj Btu 

L = 335 — 144 — 

kg lb 

Specific (sensible) heat of ice = 2.093 


kj 


kg-°C 

Btu 

Specific (sensible) heat of ic = 0.5 ——— 

Latent heat of vaporization (from at 100°C) 

L 2 = 2257- = 970.3 — 

kg lb 

Latent heat of water vapor in air and the flue gases (average) 
h v = 2442 — = 1050 — 

kg lb 


Sample problems 


1. A solid phase of lead has a mass of 23.94grams and 2.10cm 3 as their volume. Find its 
density of this solid lead. 


Solution: 

From the density, mass and volume relationship equation 


Density = 


mass 

volume 


23.94 grams 
2.10cm3 


= 11.4-^t (ans.) 

rm 6 v J 


2. How many feet are there in lmeter? 


Solution: 

Note that in 1 meter there are 3.281 feet 
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Length in feet = lmeter x 3,281 ^ = 3.281feet fans.] 

& lmeter v J 


3. What is the pressure in bar in the barometer reads 1.76atm? 

Solution: 

Note that in latm is equal to 1.013bar 

Pressure in bar = 1.76atm x 1,013ba7 = 1.783 bars fans.] 

1 atm v J 

4. What is the temperature in Kelvin if the room measure about 59 degree Fahrenheit? 
Solution: 

From the equation, 

°C = ^(°F - 32) 

°C = - (°F - 32) = | (59-32] = 15 degree C. 

Note that, 


°K = °C + 273 

Temp, in Kelvin = 15 + 273 = 288 K (Ans.] 


Newton's first Law 

It is the Law of inertia. A body that is in motion continues in motion with the same 
velocity (at constant speed and in a straight line] and a body at rest continues at rest 
unless an unbalanced (outside] force acts upon it. 



Figure 2.1 


Sample 

The motion of a ball falling down through the atmosphere, or a model rocket being 
launched up into the atmosphere are both examples of Newton's first law. The 
motion of a kite when the wind changes can also be described by the first law. 
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Newton's second Law 

The Law of acceleration. The total force acting on a body is equal to the mass of the 
body times its acceleration. 




F — ma, W = mg 


where: 

a = acceleration of a substance 
g = acceleration due to gravity 
F = force 
W = weight 
m = mass 

K = proportionality constant 
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Sample 

1. A liter of water weighs about 12.5 N. Compute its mass in kg. 


Solution: 


m = W/g = 12.5/9.81 


m = 1.27 kg, (Ans.) 


2. What is the weight of the objects with a mass of 25kg? 
Solution: 


W = 25kg(9.81m/s 2 ) 

W = 245.25 N (Ans.) 


Newton's third Law 

When forces act in the same or opposite directions (in one dimension), the total, or 
net, force can be found by adding the forces that act in one direction and subtracting 
the forces that act in the opposite direction. 


Ft 



4 


Figure 2.3 


To be in equilibrium, the force (F a ) must be equal to force (Fb) 

Sample 

Examples of Newton's third law of motion are ubiquitous in everyday life. 

For example, when you jump, your legs apply a force to the ground, and the ground 
applies and equal and opposite reaction force that propels you into the air. 
Engineers apply Newton's third law when designing rockets and other projectile 
devices. 
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Pressure 

Pressure is the force applied perpendicular to the surface of an object per unit area 
over which that force is distributed. Gauge pressure is the pressure relative to the 
ambient pressure. Various units are used to express pressure (Wikipedia.org). 




Where: 

P = pressure 
F = perpendicular force 
A = perpendicular area 

Atmospheric or Barometric Pressure 

The atmospheric or barometric pressure is the pressure exerted by the atmosphere 
on every surface with which it comes in contact and is measure by barometer. 

Patm = 101.325 KPa 
= 1.013 bar 
= 14.7 psi 
= 760 mmHg 
= 1.033 kg/cm 2 
= 29.92 in Hg 
= 1.0 atm 
= 760 torr 

Absolute Pressure 

Absolute Pressure is the pressure measured above absolute zero. The true pressure 
measured above a perfect vacuum. 
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Pabs — Pgage + Patm 


Where: 

Pabs = absolute pressure 
Pgage = gage pressure 
Patm = atmospheric pressure 

Note! Pabs = Patm @ zero gage or atmospheric pressure zero 


Gage Pressure 

The gage pressure is the pressure measured by means of gages above or below the 
atmospheric level. The pressure measured from the level of atmospheric pressure by 
most pressure recording instrument like pressure gage and open-ended manometer. 


Pabs — Pgage - Patm 


Note! At sea level gage pressure P gag e = 0 


Vacuum pressure 

Vacuum pressure is the difference between the atmospheric pressure and the 
absolute pressure. 


Pvac — Patm — Pabs 


Where: 

Pvac = vacuum pressure 


Note! Pgage = (-) when the pressure is vacuum. The pressure in perfect vacuum is - 
101.32 Kpa 

Vacuum is absence of air or gases, or the condition when air is removed from a system 
to create pressure below atmospheric. 760 mm mercury column (called torr) is then 
atmospheric pressure. Zero (0) mm mercury or zero (o) torr is then absolute vacuum 
(Bonbay, 1966). 

Water depth pressure 


P = (S.G.)( p)(g)(H) 


Where: 

P = depth pressure 

S.G. = specific gravity of liquid (sometimes water) 
p = density of liquid 
g = gravity 
H = height or depth 
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Temperature 

It can be measured using different types of thermometer. The term used to measure 
the degree of hotness and coldness of a thermodynamic substance with 
corresponding arbitrary with reference to standard values. Thermometer is the 
instrument use to measure temperature. 

The Common Temperature Scales: 


1. Celsius or Centigrade 

2. Fahrenheit 

3. Kelvin 

4. Rankine 


Centigrade or Celsius 

On the Centigrade or Celsius scale the boiling point of water at standard atmospheric 
pressure is 100 deg.C and the freezing point is degree C. 


Fahrenheit 

On the Centigrade or Celsius scale the boiling point of water at standard atmospheric 
pressure is 212F and the freezing point is 32 deg.F 

Conversion 



°F (°C) + 32 


Absolute Temperature, T: 


Kelvin (K) = °C + 273 
Rankine (R) = °F + 460 


The temperature interval/change 


ATk = ATc 
ATr = ATf 


ATc = 5/9 ATf 
ATf = 9/5 ATc 


Absolute zero is the temperature at which the molecules stop moving. 
Absolute Temperature is the temperature measured from absolute zero. 
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Sample 


1. A manometer connected to a pipe indicates a negative gauge pressure of 50 mm of mercury. 
What is the absolute pressure in the pipe in Newton per square meter is the atmospheric 
pressure is 1 bar. 


Solution: 



P abs = 93329.2^ 

Pabs = 93.33 kN/m 2 (Ans.) 



Head velocity = 5.1 m/s 2 (Ans.) 


Suggested readings 

System of units 

1. https://www.g9toengineering.com/resources/units.htm 

2 . 

Newton's Law of motion 

1. https://www.khanacademy.org/science/physics/forces-newtons-laws/newtons-laws- 
of-motion/a/what-is-newtons-third-law 

2. https://www.grc.nasa.gov/WWW/K-12/airplane/newton.html 

3. https://www.youtube.com/watch?v=aA_mqSzbkMO 

4. https://www.youtube.com/watch?v=g550H4e5FCY 

Pressure 

1. http://users.telenet.be/instrumentatie/pressure/types-of-pressure.html 

2. https://www.mensor.com/calibration_solutions_pressure_types_en_um.WIKA 

3. https://www.youtube.com/watch?v=ikt-MxC3_1 o 

Temperature 

1. https://sciencing.com/four-types-temperature-scales-7472070.html 
1. https://www.youtube.com/watch?v=VI RKNgk5_7w 
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Post-assessment activity 


Solve the following problems with proper and systematic solutions. Make the schematic 
diagram as an output of your analysis if the item required the diagram. Put always a box 
for each final answer. 

1. An automobile has a 1200 kg mass and is accelerated to 7m/s 2 . Determine the force 
required to perform this acceleration. 

Solutions: 


2. During the take-off of the space ship, the pilot was subjected to an acceleration equal 
to 5 times the pull of the earth’s standard gravity. If the pilot is 175 lbm and the 
take-off is vertical, what force does he exert on the seat? 

Solutions: 


3. If the mass of a block on Mars is 17kg with the gravity of approximately 3.711 m/s 2 what is 
the weight of block on the earth and how many percent that the gravity in Mars than the 
Earth? 

Solutions: 
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4. What is the value of 788 feet in yards? 
Solutions: 


5. A room is 10 m by 10 m by 3 m. Determine the mass and weight of air in the room if 
the air's average density is 1.18 kg/m 3 

Solutions: 


6. An automobile has a 1200 kg mass and is accelerated to 7m/s 2 . Determine the force 
required to perform this acceleration. 
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Solutions: 


7. A hiker is carrying a barometer that the measures 29.92 in. Hg absolute at the base 
of the mountain. The barometer reads 25.5 in. Hg at the top of the mountain. The 
average air density is 0.076 lbm/ft 3 , and gravitational acceleration remains constant 
at 32 174 ft/sec 2 , and g=32.174ft/sec 2 

Solutions: 
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8. A tank has a vacuum gage attached to it indicating 28.6 in. Hg (vacuum) where the 
atmospheric pressure is 29.5 in. Hg absolute. Determine the absolute pressure in the 
tank. 

Solutions: 


9. On February morning the outside temperature measured 2 degrees Celsius. If the 
absolute value of this temperature is doubled and decrease by 239 degrees, what 
would be the final temperature and what season of the year would this indicate? 

Solutions: 
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10. Determine the temperature at which readings in degrees Fahrenheit and Celsius are 
the same. 

Solutions: 


Culminating Activity 

1. Prepared a presentable slides containing sample discussions and solving problems about 

a. Conversion of units, two samples with solutions 

b. Newton's Law of motion 5 sample problems with solutions 

c. Pressure five samples problems with solutions 

d. Temperature five problems with solutions. 

Record your discussion using clear camera and audio and limit your discussion up 
to 40 minutes only. Burn the output file into the compact disc CD or Digital Optical 
Disc DVD and submit this output to me in our agreed submission. 

References 
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